
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 






© Publication number: 



0 416 777 A2 



'<§> 



EUROPEAN PATENT APPLICATION 



© Application number: 9030921 7.9 
@ Date of filing: 22.08.90 



© int. ci. s : C08J 9/14, //C08L75:04, 
C08L25:02 



© Priority: 31.08.89 GB 8919675 

i 


© Applicant: IMPERIAL CHEMICAL INDUSTRIES 


PLC 


@ Date of publication of application: 


Imperial Chemical House, Millbank 


13.03.91 Bulletin 91/11 


London SW1P 3 JF(GB) 


© Designated Contracting States: 


@ Inventor: Hodson, Roger John 


AT BE CH DE DK ES FR GB IT LI LU NL SE 


Steepways, Old Chester Road 




Helsby WA6 9JY(GB) 




Inventor: Randall, David 




Nachtegalenlaan 7 




B-3078 Everberg(BE) 




Inventor: Powell, Richard Llewellyn 




9 Sadlers Wells, Bunbury 




Tarporley CW6 9NL(GB) 




0 Representative: Stephenson, Kenneth et al 




Imperial Chemical Industries PLC Legal 




Department: Patents PO Box 6 Bessemer 




Road 




Welwyn Garden City Herts, AL7 1HD(GB) 

4 



@ Polymeric foams. 



<§) A method for the preparation of a polymeric foam which comprises vaporising a fluorine-containing ether in 
the presence of a foamable polymer or the precursors of a foamable polymer. 
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POLYMERIC FOAMS 



50 



This invention relate to polymeric loams and to methods (or their preparation 

* structural or insulating * Uph0 ' Stery W^ 0 " 3 to ri 9* toam. useful as 

thirty yTrs^rbeen mZ^ZTT^ ™ S ™* com ™ n| V — *r some 

lorodifluoromethane * ha '° 9enated chlorofluorocarbons such as trichlorofluoromethane and dich- 

« eartnVSnarye 3 ; TZeTalZ?**™ ^ ^ ° f C ° M ^ to de P'^n of the 

restricted. " a9reement that their manufacture and use should be severely 

■Q-^^'l^^ have h proposed as a.ternative blowing 

fluorocycloalkanes tha ^L r^ ^7°^' ^^^^ perfluoroalkanes and per 
20 presence of Tydragen or theT ? ° W " *°' m dep,<3ti0n P° tentials beca ^e of the 

performance ^ ^ZZ Z^ITZ TZ TT"*' * ^ "» 
required to achieve a given density can bTZJ ^rt h f chlorofluorocarbons. Thus, the amount 
insulation and mechanical properSes 9 ' he f0ams obtained can nav * less satisfactory 

» •-oJI'L^p^?^^ 39ent iS therefore not a simple matter and, in any case, a iow 

freedom from objectional odour * ° f 0ther f ° am fo «™'ation ingredients and 

of hiSS in 2 atoXecoUd 227? ' ? FT ^ ""^ that — 
o desirable, therefore totse ^S^J^SS If TT: 9 ^ 9reenh0USe effect >- 11 is 

their capability of reacting with other Z^^T ^ ** »*» b "°— * 

vapo^ng^ f ° r P T rati ° n ° f 3 ■»*"•*■*■•» which comprises 

foamable polymer. -n me presence of a foamable polymer or the precursors of a 

3 , ^t^^z^ZT^cZ :r method of * e — ha - — «** 

depletlonCnS' 0 •*« containing no other ha.ogen atoms to ensure 2 ero ozone 

^ of the invention include dimethyl 

men^TS^^^ ^ ^ ^ '"ere may be 

difdifluorome thy, Z rLtmeC " ™ U °™f yl ^ flU ° r ° methyl Mf,uora ™%' ^her, 

f-uoromethy, eth^r. di(f,uo^ -thy, ether, difluorometh, 

JZZZT flU ° rine - COntainin9 etherS ^ain three or more carbon atoms and may optionaHy have 

a ^^^^^°~: r ? 9th6rS C ° ntain 3t " ^rogen to ensure 

atmospheric breakdown SlNurther £T2L « Tr™ ydr ° 96n 3t ° mS ' S deSirable t0 acce,er ^ 
preferred. The hydrogen a oms are S^JET??* f ' U ° rine ^ ^ hydr ° 9en atoms are 
oxygen atom. .n this conSo T^ZT^Zl :Z°J ^ ??? ^ t0 the eth * 

atmospheric lifetime of 0 9 year for CFH OrH rpT , $ ° y Wayne et al indicatin 9 an 

As examples of. preferred r^ 0 ^^ < T^^ ia7 W ^ <^ 18 V 
CF 2 HOCF 2 H, :F 3 CH 2 oS ^CF C Ot^ H rp ay p c ent '° ned CF 30CF 2 H,CF 3 OCH 2 F, CF 3 OCH, 

CHOCH 2 F. CF 3C 352££ rS?^"' CF3CFH0CF ^ H - HCF 2 CFHOCF 2 H. (CF 3 ) 2 

3U .OH 2 UOH 2 F, CF 3 CF 2 CH 2 OCHF 2 , HCF 2 CF 2 CH 2 OCF 3 . HCF 2 CF 2 CHFOCHF 2 
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CF 3 CF 2 CHF OCHFz, CF3CF2CHFOCF3, HCF 2 CF 2 OCHFCHF 2 , CFCHFOCHFCF3, HCF 2 CF 2 OCF 2 CHF 2 , 
CF 3 CH 2 OCF 2 CF 3 ,CF3CF 2 OCF 2 CF 2 H, CF 3 CHFCF 2 CH 2 OCF3, HCF 2 OCF 2 CHFOCHF 2 and heptaf luoro-1 ,4- 

dioxan. . 
Still further useful ethers include HCF 2 CF 2 OCH 3 , CF 3 CF 2 CH 2 OCH 3 , CF 3 CHFOCH 2 CH 3 and 2.2,3.3,- 

tetrafluoro-oxacyciobutane. 

The fluorine-containing ethers may be used singly in the method of the invention or in the form of 
mixtures comprising two. three or more such compounds or in the form of mixtures with other volatile 
blowing agents for example dimethyl ether, hydrocarbons for example pentane and hexane, chlorinated 
hydrocarbons for example dichloromethane. 1,1,1-trichloroethane, trichloroethylene and tetrachloroethylene, 
hydrofluoroalkanes for example 1 ,2-difluoroethane and the tetrafluoroethanes, chlorofluorocarbons for exam- 
ple trichlorofluoromethane and dichlorodifluoromethane or hydrochlorofluorocarbons for example 
' chlorodifluoromethane. 2,2.-dichloro-1,1.1-trifluoroethane, 1,1-dich!oro-1-fluoroethane. 1-chloro-1,1- 
difluoroethane, 1 -chloro-1 -fluoroethane. 1-chloro-2-fluoroethane, 1-chloro-1.1,2-trifluoroethane. 1-chloro- 
1 .2,2-trifluoroethane. 1,1,-dichloro-2,2-difluoroethane and 1,2.2-trichloro-1,1-difluoroethane. Any such mix- 
tures may be azeotropes, zeotropes (mixtures of varying boiling point) or close boiling point mixtures. 

From the viewpoint of ozone depletion, however, it is preferred to use blowing agent compositions from 
which chlorine compounds are entirely absent or are present as only minor components. 

In accordance with the invention, the fluorine-containing ether (or mixture containing a fluorine- 
containing ether) is incorporated in a foamable polymer or in one or more precursors of a foamable 
polymer. In this connection, reactive components which react together during or after foaming to foam a 
foamable polymer are regarded as precursors of a foamable polymer. 

Thus, a further aspect of the invention provides a foamable polymer or a precursor of a foamable 

polymer containing a fluorine-containing ether. 

As examples of foamable polymers which may contain the blowing agents described herein, there may 
be mentioned polyolefins, for example polystyrene, poly vinyl chloride) and polyethylene. 

Foams may be prepared from styrene polymers using conventional extrusion methods. Typically, a 
blowing agent composition comprising one or more fluorine-containing ether is injected into a heat-plastified 
styrene polymer stream within an extruder and admixed therewith prior to extrusion to form foam. 

Examples of suitable styrene polymers include the solid homopolymers of styrene, a-methylstyrene, 
ring-alkylated styrenes and ring-halogenated styrenes and copolymers of these monomers with minor 
amounts of other readily co-polymerisable olefinic monomers such as methyl methacrylate. acrylonitnle. 
maleic anhydride, citraconic anhydride, itaconic anhydride, acrylic acids N-vinylcarbazole, butadiene and 
divinylbenzene. 

When used in the production of styrene polymer foams, the fluorine-containing ethers are typically used 
in amounts of from 5 to 20% by weight, based on the weight of polymer. 

As examples of precursors of foamable polymers, there may be mentioned precursors of phenolic resin 
foams, silicon resin foams and especially isocyanate-based foams such as polyurethane. polyisocyanurate. 
polyurea, polycarbodiimide and polyimide foams. 

The invention is of particular relevance to the production of isocyanate-based foams by processes 
involving the polymerisation, for example trimerisation, of an organic polyisocyanate and/or the reaction 
thereof with one or more compounds containing a plurality of isocyanate-reactive groups. The production of 
such foams has been fully described in the literature and the methods conventionally used may be readily 
adapted to the use of the blowing agents described herein. 

In particular, the blowing agents may be used in the production of polyurethane and isocyanurate- 
modified polyurethane foams by processes comprising reacting an organic polyisocyanate with an organic 
polyol optionally in the presence of cross-linking agents, chain extenders, foam-stabilising agents, surfac- 
tants, other blowing agents, catalysts for urethane formation, trimerisation catalysts, fire retardants, fillers, 
pigments, antioxidants, mould release agents and the like. 

Thus, in a further aspect, the invention provides a polyurethane precursor containing a fluorine- 
containing ether. . 

The polyurethane precursor containing the blowing agent will be an organic polyisocyanate or an 
organic polyol. As examples of polyisocyanates there may be mentioned any of the polyisocyanates 
proposed in the literature for use in the production of foams. Of particular importance are aromatic 
diisocyanates such as tolylene and diphenylmethane diisocyanates in the well known pure, modified or 
crude forms Special mention may be made of the so-called MDI variants (diphenylmethane dnsocyanate 
modified by the introduction of urethane. allophanate, urea, biuret, carbodiimide. uretonimine or 
isocyanurate residues) and the mixtures of diphenylmethane diisocyanate(s) and oligomers threof known in 
the art as "crude" or "polymeric" MDI (polymethylene polyphenylene polyisocyanates). 
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which ml IT \ J i 9 aQent Wi " be incorporated in the POlyd. The nature of the organic poiyol 
n 25. Y s . ? b ' 0W,n9 a9ent Wi " depend 0n the *P e of foam being produced. In general the 
olo hf H a H e r0Xyl , nUmberS ° f fr ° m 20 t0 1830 bUt f0r the P^uction of flexible foams typiS 

: STI£S^3 n ffS. fl ; ,r ° m 2 °, t0 10 °' eSPeC, ' a,,y fr0m 25 t0 75 and hydr °^' functionalities* 
£ flnn ° , ° 9 P roduct,on ' the P 0| y°'s typically have hydroxy! numbers of from 200 

to 800, espeaally from 300 to 600 and hydroxy! functionalities of 2 to 8. especially 3 to 8 

t.r m ^Sf °TT POly0 'f f ° r po,yurethane foam P ro ^ction are polymeric polyols such as hydroxyl- 
poSns. " " " yeSt9rS ' P0,yesteramides ' Polythioethers, polycarbonates, polyacetals and 

r , 

i Suitable polyether polyols include products obtained by the polymerisation of* a cyclic oxide for 
example ethylene oxide, propylene oxide or tetrahydrofuran or by the addition of one or more such oxide 
o polyfuncfona. mitiators. for example water, ethylene glycol, propylene glycol. diethylerTg ycol plyoera 
tnmethylolpropane sorbitol, sucrose, triethanolamine, ethylene diamine, tolylene diamine ™d££c«K 
methane, polymethylene polyphenylene polyamines and mixtures thereof. Of particular impoTance arette 
Po^oxyPropytene polyols and poly (oxyethylene-oxypropylene) polyols obtained by the sStaneous or 
sequential add.hon of ethylene and propylene oxides to appropriate initiators ™.taneous or 

Suitable polyester polyols include hydroxyl-terminated reaction products of polyhydric alcohols such as 
ethylene glycol, Methylene glycol, neopentyl glycols hexamethylene glycol, glycerol, trimeColpropane o 
pentaerythnto. or mixtures thereof with po.ycarboxylic acids, especially ^^ ZsTZ^ZZ 
forming derives for example succinic, glutaric and adipic acids or their 

anhydr.de or d.methyl terephthalate. Polyesters obtained by the polymerisation of lactones for' example 
caprolactone. ,n conjunction with a poiyol, may also be used. Polyesteramides may bT^nedT?S 
.nclus,on of ammo-alcohols or polyamines in polyesterification mixtures V 

Polythioether polyols which may be used include products obtained by condensing thiodiolvcol either 
alone or w,th other glycols, dicarboxy.ic acids, formaldehyde, aminoalcohols or mZ£l££^ 

Polycarbonate polyols which may be used include products obtained by reacting diols such as 1 3- 

b oZlT • ^ Ut TT° l h 6 - hexanedi0 '- di ^Vlene glycol or tetraethylene glyco l" a " car- 
bonates, for example diphenyl carbonate, or with phosgene 

alvcorSIn?^ 15 7*5 k 3y be US6d inC ' Ude th0Se prepared °* reacti "9 a| yools such as diethyiene 
T^SZcST heXanedi0 ' ^ f0rma,d6hyde - SUitab,S P0,yaCeta ' S alS0 * P^red ^ 

bJ2S$£^ P0 ' y0lS inC ' Ude hydr ° Xy| - terminated butadi ^ homo- and copolymers, and po.y (iso- 

Thus, in a fcrther embodiment of the invention there is provided a poiyol composition comprisinc a 
polymeric poiyol, especially a rigid foam.polyol, containing a fluorine-containing ether and XXone or 
more other conventual components (other than polyisocyanates) of foam formulations 

Other conventual components of foam formulations which may be present in the poiyol comoositions 
mc ude non-po ymeric polyols or polyamines useful as cross-linking'or chain-extend hg agehts Tr eSmi 
butanediol, diethyltoluene diamine or triethanolamine. foam-stabilising agents or surfaS £ • eSmnle 
a oxane-oxya ylene copolymers, urethane catalysts, for example tin compounds s ch a stnnous Stoate 
^^^^S aminSS 33 dimeth V.cyclohexy.amineor Methylene diaml tnmerist 

Z ^ ^ inV6nti0n *" " Pr ° Vided 3 f ° amable COmPOSiti0 " 

b) a poiyol component comprising a polymeric poiyol. 

c) a fluorine-containing ether and 

d) optionally one or more other conventional components of foam formulations 

The invention also provides a method for the preparation of polyurethane foams which comprises 

?^oa7n a n ; C H P ? ,S ° Cya ?l With 3 PO,ymeHC P ° ,y01 in thS preSence of a f'uorine-containing ethe'r 
fn prepanng the foams, wh.ch may be flexible, semi-rigid or rigid depending upon the comoonents 

used, conventional techniques and mixing methods may be used and the foams may be producTin the 

Zr LZT 9 \ S ^°t CaVlty fi " in9S ' SPrayed f0am ' frothed foam or in the t^Jn££££> 
other materials such as hardboard. plaster board, plastics, paper or metals 

or IT^T*** "* *°" ^ ** *« that ,he ^bove mentioned polyols may be supplemented 

^^Znl^T^ 6 entities containin9 - for example ' mercapt0 - priLy 

The isocyanate-based foams of the invention, which may be prepared using well known one-shot. 
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prepolymer or semi-prepolymer techniques may have low densities or may be in the form of microcellular 
elastomers having densities of 0.8 g/cm 3 or more. The amount of blowing agent will be appropriate to the 
foam density it is desired to achieve. Suitable amounts can be determined without difficulty by persons 
skilled in the art. 

5 When using those fluorine-containing ethers or mixtures containing the ethers which have boiling points 
below about 10°C at atmospheric pressure, known techniques may be used such as have been described 
by R Wiedermann at pages 52-55 of the Proceedings of the SPI 32nd Annual Technical/Marketing 
Conference. 

For the production of conventional polyurethane foams, isocyanate indices of from about 70 to about 
w 140 are typical but higher indices, for example from 150 to 500, and trimerisation catalysts are required for 
the production of polyisocyanurate foams. 

The invention is illustrated but not limited by the following Examples in which all parts are by weight. 



75 Example 1 

A polystyrene foam was prepared by feeding polystyrene and 11% difiuoromethyl trifluorom ethyl ether 
into a tandem extruder assembly (64/89mm). An extruder temperature profile in the range 100-230 C was 
employed with a die temperature of 130-145 C. 
20 Foam output was approximately 80-90kg/h, the roduct having a "thickness of 25-50mm and a density of 

30kg/m 3 . 
Example 2 

25 

Rigid polyurethane foams were prepared from the following formulations:- 



! 


A 


B 


Polyol 1 


70 


70 


Polyol 2 


30 


30 


N.N-dimethylbenzyiamine 


3 


3 


N,N-dimethylcyclohexylamine 


1.7 


7 


Bis(2-dimethylaminoethyl) ether 


0.1 


0.1 


Silicone B 8423 


2 


2 


Water 


4 




1 ,1,2,2-tetrafluoroethyl methyl ether 


29 


58 


Polymeric MD1 


165 


98 



40 

In these formulations, Polyol 1 was a product having a hydroxyl number of 480 obtained by the 
oxypropylation of a mixture of diethylene glycol and a polyamine mixture containing diaminodiphenyl- 
methane and polyamine oligomers thereof. 

Polyol 2 was an ethylene oxide tipped polypropylene glycol (10% ethylene oxide) having a hydroxyl 

45 

number of 56. 

The following Table gives foaming characteristics and foam properties. 



50 



55 



EP 0 416 777 A2 





i 


A 


R 


Start nf ri<?^ / c ^f»r»«\ 


8 


q 


String time (Sees) 


36 


o/ 


Tack-free time (Sees) 


bo 


54 


End of rise (Sees) 


80 


75 


Free rise density (kg/m 3 ) 


22.4 


52.7 


Closed eel! content (%) 


95.9 




Adhesion (J/m 2 ) 


early 


11 


367 




late 


69 


>300 


Initial X-value (mW/mK) 


20.7 





20 EXAMPLES 3-14 

Further foams are prepared in accordance with Formulation A of Example 2, the 29 parts of fluorinated 
ether being, replaced by the (equimo.ar) amounts of other fluorinated ethers indicated in the following Table 
which also gives densities and K-values for the derived foams 

25 

Example 



30 



35 



40 



3 

4 
5 
6 
7 

8 
9 

10 



Ether 


Weight 


Density 


X- value 




ether 


(kg/m a) 


(mW/mK at 








10°C) 


CF 3 OCF 2 H 


29.9 


20.7 


20.6 


CF 3 OCH 3 


22.0 


23.6 


21.0 


CF 3 OCH 2 F 


25.9 


23.4 


20.9 


HCF 2 OCF 2 H 


25.9 


22.0 


20.5 


(CF 3 ) a CH0CH 2 F 


43.9 


24.0 


20.2" 


CF 3 CF 2 0CH a F 


40.9 


19.7 


20.3 


CHF 2 CF 2 OCHF 2 


36.9 


21.9 


19.8 


CF 3 CH 2 0CHF 2 


33.0 


23.6 


20.5 



45 



50 



11 

12 
13 
14 



CF 3 CHFOCHF 3 

CF 2 HCHF0CHF 2 

CF 3 CF 2 OCF 2 CHF 

CF 2 CF 2 CH 3 0 
I J 



36.9 


22.4 


20.3 


32.9 


23. 1 


20.3 


51.8 


19.3 


20.0 


28.6 


25.1 


19.4 
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1. A method for the preparation of a polymeric foam which comprises vaporising a fluorine-containing ether 
in the presence of a foamable polymer.or the precursors of a foamable polymer. 

2. A method according to claim 1 wherein the fluorine-containing ether has a boiling point in the range from 
-50 to 80° C at 1 bar. 

5 3. A method according to claim 2 wherein the ether has a boiling point of from -35 to 70 C at 1 bar. 

4. A method according to any preceding claim wherein the fluorine-containirig ether contains no other 

halogen atoms. ■ 

5. A method, according to any preceding claim wherein the fluorine-containing ether comprises a dimethyl 

ether containing one or more fluorine atoms. 
w 6. A method according to any of claims 1 to 4 wherein the fluorine-containing ether contains three or more 

carbon atoms. 

7. A method according to any preceding claim wherein the fluorine-containing ether contains at least one 
hydrogen atom per molecule. 

8. A method according to claim 7 wherein the ether contains two or more hydrogen atoms per molecule. 
75 9. A method according to claim 8 wherein the ether contains more fluorine than hydrogen atoms. 

10. A method according to any of claims 7 to 9 wherein the ether has at least one hydrogen atom attached 
to one or both carbon atoms adjacent to the oxygen atom. 

11. A method according to any of claims 5 and 7 to 10 wherein the fluorine-containing ether comprises 
CF3OCF2H, CF 3 OCH 2 F, CF3OCH3 or CF 2 HOCF 2 H. 

20 12. A method according to any of claims 6 to 10 wherein the fluorine-containing ether comprises (CF 3 )- 
2 CHOCH 2 F, HCF 2 CF 2 OCH3,CF3CF20CHF 2l CHF2CF 2 OCHF2. CF 3 CH 2 OCHF 2l CF 3 CHFOCHF 2 , 
CF 2 HCHFOCHF 2 , CF 3 CF 2 OCF 2 CHF 2 or 2,2,3,3-tetrafluoro-oxacyciobutane. 

13. A method according to any preceding claim which comprises the step of incorporating a fluorine- 
containing ether in a foamable polymer or in one or more precursors of a foamable polymers. 
25 14. A method according to claim 13 which comprises extruding a styrene polymer containing a fluorine- 
containing ether. , 

15. A method according to claim 14 wherein the styrene polymer contains from 5 to 20% by weight of 

fluorine-containing ether. 

16. A method according to any of claims 1 to 13 which comprises reacting an organic polyisocyanate with a 
30 polymeric polyoi in the presence of^a flu^in^contai^ing^t^r to form a poiyurethane foam. 

17. A method according to clairii 16 Wherein the organic' polyisocyanate comprises a diphenylmethane 
diisocyanate. 

18. A method according to claim 16 or claim 17 wherein the polymeric polyoi has a hydroxyl number of 
from 200 to 800. 

35 19. A method according to claim 18 wherein the polymeric polyoi has a hydroxyl number of from 300 to 
600. 

20. A method according to any of claims 16 to 19 wherein the polymeric polyoi has a hydroxyl functionality 
: of from 2 to 8. 

21. A method according to claim 20 wherein the polymeric polyoi has a hydroxyl functionality of from 3 to 

40 8. . 

22. A poiyurethane precursor containing a fluorine-containing ether for use in a method according to any of 
claims 1 6 to 21 . 

23. A polyoi composition for use in a method according to any of claims 16 to 21 comprising a polymeric 
polyoi containing a fluorine-containing ether and optionally one or more other conventional components 

45 (other than polyisocyanates) of foam formulations. 

24. A foamable composition for use in a method according to any of claims 16 to 21 comprising:- 

(a) an organic polyisocyanate 

(b) a polyoi component comprising a polymeric polyoi. 

(c) a fluorine-containing ether and 

50 (d) optionally one or more other conventional components of foam formulations. 
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